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[Claim(s)| 

[Claim l]|In the exposure approach which exposes the 2nd body through a projection system with 
said expo$ure beam which illuminated the 1st body with the exposure beam and passed through the 
pattern of said 1st body The correlation of the quantity of light of said exposure beam beforehand 
detected i i the measure point on the optical path to said 1st body and the quantity of light of said 
exposure seam on the image surface of said projection system is searched for. It faces controlling 
addition light exposure to said 2nd body based on the quantity of light and said correlation of said 
exposure team detected in said measure point at the time of exposure of said 2nd body . The 
exposure approach which predicts the amount of fluctuation of the permeability of said projection 
system according to process conditions and exposure progress, and is characterized by updating said 
correlation based on the amount of fluctuation of the this predicted permeability. 
[Claim 2] Lit is the exposure approach according to claim I characterized by for the wavelength of 
said exposure beam being 200-170nm, and said projection system containing the refraction member 
which consists of quartz glass. 

[Claim 3] lit is the exposure approach according to claim 1 or 2 which said exposure beam is pulsed 
light and is characterized by said process conditions being at least one condition in the lighting 
conditions of said 1st body , the class of pattern on said 1st body, the configuration of the lighting 
field on s^id 1st body, the pulse energy of said exposure beam, and the accumulation duration of 
service oflthe ingredient of the optical member which constitutes said projection system. 
[Claim 4] iSaid exposure progress is claims 1 and 2 characterized by what is expressed by at least one 
data of th^ luminescence time amount of said exposure beam, and the nonluminescent time amount 
of said exposure beam, or the exposure approach given in 3. 

[Claim 5] |The exposure approach given in any 1 term of claims 1-4 characterized by holding said 
control parameter independently for every lighting conditions of said 1st body while using the time 
constant ojf fluctuation of the rate of change of the transmission to the irradiation time of said 
exposure f>eam, and transmission as a control parameter for predicting the amount of fluctuation of 
the transmission of said projection system, 

[Claim 6] The exposure approach given in any 1 term of claims 1-5 characterized by measuring the 
permeability of said projection system and resetting the forecast of the amount of fluctuation of the 
permeability of said projection system when the nonluminescent time amount of said exposure beam 
exceeds predetermined time. 

[Claim 7] The exposure approach given in any 1 term of claims 1-5 characterized by suspending the 
exposure of said exposure beam or irradiating said exposure beam to the whole lighting field when 
the permeability distribution over said exposure beam of said projection system is measured and 
dispersion! in this permeability distribution exceeds predetermined tolerance, whenever 
predetermined time amount passes. 

[Claim 8] In the aligner which has the exposure light source which generates an exposure beam, the 
illumination system which irradiates said exposure beam at the 1st body, and the projection system 
which irradiates said exposure beam which passed through the pattern of said 1st body on the 2nd 
body The list detector which detects the quantity of light of said exposure beam in the measure point 
in said illUxnination system, The 2nd detector which detects the quantity of light of said exposure 
beam on ifie image surface of said projection system, The light exposure control system which 
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memorized the correlation of the output of said 1st detector, and the output of said 2nd detector, and 
controls addition light exposure to said 2nd body based on the output and said correlation of said 1st 
detector, the aligner which predicts the amount of fluctuation of the permeability of said projection 
system according to process conditions and exposure progress, and is characterized by having the 
prediction control system which updates said correlation based on the amount of fluctuation of the 
this predicted permeability. 

[Claim 9] | It is the aligner according to claim 8 which prepares the lighting condition switch member 
which switches the lighting conditions over said 1st body into said illumination system, and is 
characterized by said prediction control system computing the forecast of the amount of fluctuation 
of the peqneahility of said projection system according to said lighting conditions, 
[Claim id] The aligner according to claim 8 or 9 characterized by forming the 3rd detector which 
measures -(quantity of light distribution of said exposure beam in the image surface of said projection 
system, aijtd measuring permeability distribution of said projection system with this 3rd detector. 
[Claim 1 lj] The device manufacture approach including the process which imprints a mask pattern at 
a work pi$ce using the exposure approach of a publication in any 1 term of claims 1-7. 
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DETAILED DESCRIPTION 



[Detailed ; Description of the Invention] 
[0001] j 

[Field of the Invention] lithography for this invention to manufacture devices, such as a 
semiconductor device, image sensors (CCD etc.), a liquid crystal display component, a plasma 
display component, or the thin film magnetic head, — it is in process, and it is used when the 
projection aligner of scan exposure molds, such as step - which uses the exposure beam from the 
source orpulsed light especially, and - scanning method, performs light exposure control about the 
exposure japproach and equipment which are used, and it is suitable. 
[0002] 

[Description of the Prior Art] The light exposure control function for storing the addition light 
exposure to each point in each shot field of the wafers (or glass plate etc.) with which the photoresist 
(sensitive material) as an exposed substrate was applied within proper limits as one fundamental 
function m the projection aligner currently used in case a semiconductor device etc. is manufactured 
conventionally occurs. As light exposure control with the projection aligner of an one-shot exposure 
mold like the conventional stepper Even when using any of the continuation light source like a 
mercury lamp, or the pulse laser light source l ike an excimer laser The addition value of the light 
exposure [on the wafer indirectly measured through the integrator sensor which consists of a 
photodet^ctor in an illumination-light study system fundamentally Cut-off control of continuing 
exposure :was performed until it exceeded the predetermined critical level corresponding to 
predetermined setting light exposure (target light exposure). Moreover, since it had dispersion in 
energy for every pulse laser light when using the pulse laser light source as the exposure Sight source, 
desired lijght exposure control-precision repeatability had been acquired by exposing with two or 
more pulie laser light more than the predetermined minimum exposure pulse number. 
[0003] Furthermore, in the projection aligner of a scan exposure mold like step - used in recent years 
and - scaikning method, the method (opening light exposure control system) which integrates the 
quantity d>f light of each pulsed light as an exposure light (exposure beam) simply conventionally, 
and perfolrms light exposure control was used. On the other hand, the addition light exposure to the 
field" included to a slit-like exposure field (radiation field) to a scanning direction on a wafer is 
measured! on real time for eveiy pulsed light, the target energy of the following pulsed light is 
computed according to an individual based on the addition light exposure, and the method (every 
pulse light exposure control system) which controls the energy of each pulsed light is also proposed 
as indicated by XP,6-252022,A recently, This whole pulse, with a light exposure control system, 
while beipg able to make dispersion in addition light exposure smaller than an opening light 
exposure icontrol system, it is applicable also to the projection aligner of an one-shot exposure moid. 
[0004] \ 

[Problem(s) to be Solved by the Invention] Thus, by performing light exposure control with high 
precision, the dimensional accuracy of the pattern (resist pattern) of the sensitive material after 
development improves, and near resolution is obtained with the marginal resolution determined 
according to the wavelength (exposure wavelength) of exposure light, the numerical aperture of 
projectiork optics, etc. In order to raise the marginal resolution further, short wavelength-ization of 
the exposjure wavelength itself is also progressing and ArF excimer laser (wavelength of 193nm) is 
also heinjj* used in recent years as the exposure light source of the next generation of KrF excimer 
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laser (wavblength of 248nrn). 

[0005] Thus, the optical materials with practical permeability which can be used as ** material of 
the refraction members (lens etc.) from which wavelength constitutes projection optics to the 
exposure light of a vacuum ultraviolet area about 200run or less are quartz glass (synthetic quartz) 
and fluoride in the present condition. In this, since fluorite is expensive, the manufacturing cost of 
projection! optics can be low held down by using many quartz glass as much as possible. 
[0006] Hojwever, excimer laser light is pulsed light and the phenomenon of changing to an optical 
material like quartz glass with the time constant of the order the permeability of whose is about 
several 10 seconds if the pulsed light of the high energy of a vacuum ultraviolet area is irradiated is 
known, the phenomenon — a certain extent — i f it is reversible and the exposure of the pulsed light is 
stopped, the permeability of the optical material will be recovered in the initial value direction with a 
predetermined time constant. Therefore, when performing sequential exposure to all the shot fields 
on a wafer using the pulsed light, the permeability of projection optics changes gradually. 
[0007] Thus, if light exposure control is performed based on the relation (correlation with an 
integrator sensor and the image surface) measured before exposure, and the detection result of an 
integrator jsensor if the permeability of projection optics changes in order that the relation between 
the quantity of light of the exposure light detected by the above-mentioned integrator sensor and the 
quantity of light in the image surface of projection optics may change for example, the error of 
addition lijght exposure will arise, Therefore, in order to obtain higher resolution, in the projection 
aligner which uses ArF excimer laser light, there is un-arranging [ that target resolution is no longer 
obtained ]. 

[0008] Similarly, in an illumination-light study system, when permeability fluctuation arises in the 
optical member from an integrator sensor to the reticle as a mask, the control precision of light 
exposure falls. It is also known by controlling the amount of dopes of the hydrogen ion in the 
componer t contained in the interior in quartz glass (H+) about this that the amount of fluctuation of 
the short-term permeability can be reduced. However, in such quartz glass, degradation (compaction) 
of the pro]3erty by the exposure over the long period of time of the pulsed light becomes large. 
Therefore, although exchange is able to use it like the interior of an illumination-light study system 
in the part which can be performed comparatively easily, as for use in the part where exchange is 
difficult, avoiding is desirable like the interior of projection optics. Since there is an inclination for 
the quartz glass accompanied by short-term permeability fluctuation to be used for the result, 
especially projection optics, even if there is such permeability fluctuation, development of the 
exposure Approach and aligner with which high light exposure control precision is acquired is 
desired, j 

[0009] Moreover, not only permeability but when changing the reflection factor of a reflective 
member ih the short term in the projection optics which consists for example, of reflective refractive 
media, th4 light exposure control which can cope with it is required. This invention sets it as the 1st 
purpose t<j> offer the exposure approach by which high light exposure control precision is acquired on 
the bodies) for exposure (wafer etc.), even when an optical member to which permeability and a 
reflectionifactor are gradually changed in optical system is used in view of this point. 
[0010] Moreover, when exposing using pulsed light, this invention sets it as the 2nd purpose to offer 
the exposure approach by which high light exposure control precision is acquired on the body for 



exposure, 
reflection 



even if it changes gradually the permeability (permeability of the whole also including a 
factor) of optical system. Moreover, this invention aims also at offering the aligner which 
can use such an exposure approach, and the highly precise device manufacture approach using the 
exposure Approach. 
[0011] j 

[Means fijr Solving the Problem] In the exposure approach which exposes the 2nd body (14) through 
a projection system (13) with the exposure beam which the 1st exposure approach by this invention 
illuminated the 1st body (1 1) with the exposure beam, and passed through the pattern of the 1st body 
The correlation of the quantity of light and the quantity of light of the exposure beam on the image 
surface of the projection system of the exposure beam beforehand detected in the measure point on 
the optical path to the 1st body (7) is searched for. It faces controlling addition light exposure to the 
2nd body based on the quantity of light and the correlation of the exposure beam detected in the 
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measure ioint at the time of exposure of the 2nd body. According to process conditions and 
exposure progress, the amount of fluctuation of the permeability of the projection system is 
predicted^ and the correlation is updated based on the amount of fluctuation of the this predicted 
permeability, 

[0012] Wihile asking for the multiplier for considering as the correlation, for example, calculating the 
quantity cf f light in the image surface from the quantity of light in the measure point according to this 
this invention, it asks for the rate of change of the permeability of the projection system as a function 
of process conditions and exposure progress beforehand. And based on the function, the amount of 
fluctuatioh of the permeability is calculated during exposure, and the multiplier can be amended by 
multiplying the multiplier by the permeability after the fluctuation. By multiplying the measurement 
value of the quantity of light in the measure point by the multiplier after the amendment, the quantity 
of light of the exposure beam on the 2nd body can be calculated indirectly, and high light exposure 
control precision is acquired by controlling so that the addition light exposure on the 2nd body which 
integrated the quantity of light and is obtained turns into target light exposure (setting light 
exposure). 

[0013] In! this case, it has the average of spatial permeability fluctuation of that projection system, 
amending that multiplier distributes the error of the light exposure in each partition field on that 2nd 
body (shot field) to the average by small computational complexity, and it is made to min. In 
addition, although the projection system is used in this invention as optical system which predicts the 
amount of fluctuation of permeability In having the illumination system which irradiates the 1st body 
with an exposure beam and detecting the quantity of light of an exposure beam in the predetermined 
measure point in the illumination system The optical system which includes some of optical member 
and its projection system of the illumination system arranged from the measure point before the 1st 
body as optical system which predicts the amount of fluctuation of the permeability is used. That is, 
the optice l member arranged at the optical path of a before [ from the measure point in an 
illumination system / the 2nd body ] becomes the optical system which predicts the amount of 
fluctuation of the permeability. 

[0014] Moreover, the wavelength of the exposure beam is 200-170nrn as an example, and the 
projection system contains the refraction member which consists of quartz glass. Quartz glass can be 
treated mathematical almost correctly as general linear system by cutting (fluctuation) of association 
of the permeability fluctuation of Si-X ? and recombination (relaxation) while there is an inclination 
to changq permeability in the short term to the light (especially pulsed light of high power) of a 
vacuum ultraviolet area, Then, since light-exposure control can be performed with high precision 
based on this forecast by carrying out prediction count of the amount of fluctuation of the 
permeability which has occurred during the exposure by which an exposure beam is irradiated, and 
the amou nt of relaxation of the permeability which has occurred during step migration of that 2nd 
body and exchange, especially the control approach that predicts the amount of fluctuation of 
permeability like this invention is effective. 

[0015] The exposure beam is pulsed light as an example, Moreover, the process condition In the size 
of the lighting conditions of the 1st body, the class of pattern on the 1st body, and the lighting field 
on the 1st body, the pulse energy consistency of the (chip size) exposure beam (particle fluence), 
And it is at least one condition in the accumulation duration of service of the ingredient of the optical 
member Which constitutes the projection system, and the exposure progress is expressed bv at least 
one data of the luminescence time amount of the exposure beam, and the nonluminescent tune 
amount of the exposure beam. 

[0016] Fir example, according to the class of pattern on the 1st body, if a difference is in a pattern 
consistency locally, dispersion will arise also in permeability distribution by dispersion in the 
intensity distribution of the exposure beam which passes through the inside of a projection system, 
and the i illuminance unevenness in the exposure field on the 2nd body will be changed. Also in this 
case, lighjt exposure proper on the average can be obtained by predicting the unevenness of 
permeability distribution according to the class of that pattern. 

[0017] Moreover, while using the time constant of fluctuation of the rate of change of the 
transmission to the exposure power of the exposure beam, and transmission as a control parameter 
for predicting the amount of fluctuation of the transmission of the projection system, it is desirable to 
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hold the dontrol parameter independently for every lighting conditions of the Lst body. By holding a 
control parameter (controlled parameter) independently for every 7 lighting conditions, good light 
exposure iamendment is attained on every lighting condition. 

[0018] Next, in the 1st exposure approach, when the nonluminescent time amount of the exposure 
beam excjeeds predetermined time, the 2nd exposure approach by this invention measures the 
permeability of the projection system, and resets the forecast of the amount of fluctuation of the 
permeability of the projection system. According to this this invention, like [ at the time of exchange 
of the 2n$ body and alignment ] If there is long non-irradiation time compared with the time of step 
migration of the 2nd body, not only in relaxation by the recombination of the cut above-mentioned" 
association Since there is a possibility of causing permeability fluctuation of the amount which 
cannot disregard the physical development with difficult prediction of adhesion in the optical system 
of the polflutant which remains all over the space within the chamber of an aligner and an optical path 
etc, eithejr, the predictability of permeability may fall. Thus, when the predictability of permeability 
deterioratjes, permeability measurement of a projection system is carried out to real time for a check, 
it is resetting the forecast based on prediction controlling expression to initial value, and the control 
precision jof light exposure improves, 

[0019] Mjoreover, when a measurement result to which permeability measurement of a projection 
system isiperformed and the predictability of permeabilitv falls after long non-irradiation time is 
obtained Ja dummy exposure is performed after non-irradiation time, and it may be made to carry out 
optical washing of the pollutant adhering to optical system, Also when similarly exposure on 
different lighting conditions like the so-called double exposure which expose each partition field on 
the 2nd body (shot field) using two kinds of mask patterns and two kinds of lighting conditions is 
performed continuously and the relaxation phenomenon by the lighting conditions from which it 
differs [ last ], and the fluctuation phenomenon by future lighting conditions are intermingled, 
predictability deteriorates. Also in this case, when it judges that degradation of predictability exceeds 
predetermined level, exposure is interrupted, permeability measurement of the real time for a check 
is perforated, it is resetting prediction controlling expression and the control precision of light 
exposure ^improves, 

[0020] Furthermore, when it can expect changing these control parameter (controlled parameter) 
itself gradually by the long-term exposure of an exposure beam, it is desirable to make these control 
parameters into the constant which is a constant which measures periodically and should be updated 
and whicji can be updated, By this, it continues at a long period of time, and good light exposure 
amendment is attained. Moreover, whenever predetermined time amount passes, when the 
permeability distribution over the exposure beam of the projection system is measured and 
dispersion in this permeability distribution exceeds predetermined tolerance, it is desirable to 
suspend the exposure of the exposure beam, to make fluctuation of the permeability of the projection 
system eise, or to remove the 1st body, to irradiate the exposure beam to the whole lighting field, 
and to mike fluctuation ease. Since there is a possibility that the light exposure unevenness on the 
2nd body! may exceed tolerance when dispersion in permeability distribution becomes large too 
much, when such, light exposure distribution is equalized by making the permeability equalize. 
[0021] Next, the exposure light source in which the aligner of this invention generates an exposure 
beam (1)^ The illumination system which irradiates the exposure beam at the 1st body (1 1) (2, 3M, 5, 
8 A, 8B, ijO, 1 1), In the aligner which has the projection system (13) which irradiates the exposure 
beam which passed through the pattern of the 1st body on the 2nd body (14) The 1st detector which 
detects thje quantity of light of the exposure beam in the measure point in the illumination system (7) 
(25), The! 2nd detector which detects the quantity of light of the exposure beam on the image surface 
of the projection system (2 IB), The light exposure control system which memorizes the correlation 
of the output and the output of the 2nd detector of the 1st detector, and controls addition light 
exposure to the 2nd body based on the output and correlation of the 1st detector (26), According to 
process conditions and exposure progress, the amount of fluctuation of the permeability of the 
projection system is predicted, and it has the prediction control system (26b) which updates the 
correlatiojn based on the amount of fluctuation of the this predicted permeability. 
[0022] The exposure approach of this invention can be used with this aligner, In addition, in this 
invention], although the amount of fluctuation of the permeability of a projection system is predicted, 
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the amourit of fluctuation of the permeability of the optica! system (a part of two or more optical 
members jvhich constitute an illumination system, and a projection system are included) from the 
measure pbint in the illumination system to the 2nd body may be predicted. However, since most 
originates in the amount of fluctuation of a projection system, the amount of fluctuation of 
permeability can consider substantially that the amount of fluctuation of the permeability of the 
optical system from the measure point, to the 2nd body is the amount of fluctuation of the 
permeability of the projection system. Even in this case, when the amount of fluctuation of the 
permeabikty of the optical member (a part of illumination system) arranged from that measure point 
before thai projection system is large, it cannot be overemphasized that it is taken into consideration, 
[0023] In this case, the lighting condition switch member (6, 6A, 6D) which switches the lighting 
conditions over that 1st body is prepared into that illumination system, and, as for that prediction 
control system, it is desirable to compute the forecast of the amount of fluctuation of the 
permeability of that projection system according to that lighting condition. Moreover, it is desirable 
to form the 3rd detector (2 IP) which measures quantity of light distribution of that exposure beam in 
the image surface of that projection system, and to measure permeability distribution of that 
projection ! system with this 3rd detector, 

[0024] Nefct, the device manufacture approach of this invention includes the process which imprints 
a mask partem to a work piece using the exposure approach of this invention, Since addition light 
exposure can control with high precision by performing the pattern of a device for the pattern of the 
1st body, and exposing considering the 2nd body as work pieces (substrates, such as a wafer etc) 
according Xo this invention, the highly precise device excellent in line breadth precision etc, can be 
mass-prodjuced. 
[0025] I 

[Embodiment of the Invention] Hereafter, with reference to a drawing, it explains per example of the 
gestalt of Operation of this invention. In the projection aligner of step - which uses the excimer laser 
as a source of pu lsed light for the exposure light source, and - scanning method, this example applies 
this invention, when performing light exposure control. 

[0026] Drawing 1 shows the projection aligner of this example, and in this drawing .1 , the cross- 
section configuration of a beam is orthopedically operated so that incidence of the laser beam LB as 
an exposure beam by which pulse luminescence was carried out from the excimer laser 1 as the 
exposure ijight source may be efficiently carried out to the fly eye lens 5 as a consecutive optical 
integrator ^a YXJNIFO mizer or homogenizer) according to the beam plastic surgery 7 optical system 2 
which consists of a cylinder lens, a beam expander, etc. As an excimer laser 1, the ArF excimer laser 
(wavelength of 193nm) which is a source of pulsed light of a vacuum ultraviolet area with a 
wavelength of 200nm or less is used by this example. Moreover, it is F2 instead of an excimer laser 
L Laser (wavelength of 157nm), and Kr2 This invention can be applied also when using the laser 
light sourcje of pulse luminescence molds, such as laser (wavelength of 146nm). Furthermore, this 
invention tan be applied also when using the laser light source which carries out wavelength 
conversioiji as the exposure light source, after amplifying the harmonic generation equipment of a 
metallic-fijtmes laser light source or an YAG laser, or semiconductor laser with optical fiber 
amplifiersj such as an erbium-doped optical fiber amplifier (EDFA). 

[0027] Incidence of the laser beam LB injected from the beam plastic surgery optical system 2 is 
carried out to the energy coarse adjustment unit 3 as an extinction member. By arranging two or 
more ND filters with which transmission (= the rate of I -extinction) differs, respectively, and 
rotating the revolver with a drive motor on two steps which can be rotated freely of revolvers, the 
energy coirse adjustment unit 3 is constituted so that the transmission to the laser beam LB which 
carries out incidence can be switched from 100% in two or more steps. In addition, you may 
constitute from one step or two or more steps of filter exchange members equipped with two or more 
mesh filters with which one step of revolver equipped with two or more ND filters differs the energy 
coarse adjustment unit 3 from permeability, 

[0028] In drawing 1 , incidence of the laser beam LB injected from the energy coarse adjustment unit 
3 is carried out to the fly eye lens 5 as an optical integrator (a YUNIFO mizer or homogenizer) 
through the mirror M for optical-path bending. The fly eye lens 5 forms much secondary light 
sources, in order to illuminate the reticle 1 1 as a latter mask by uniform illumination distribution. 
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The aperture diaphragm (the so-called ?? sigrna diaphragm 5 ') 6 of an illumination system is arranged in 
the injecti on side of the fly eye lens 5, and circular opening for lighting is usually formed in the 
aperture diaphragm 6, It consists of these examples so that the aperture diaphragm 6 can be 
exchanged for the aperture diaphragm of the arbitration of the aperture diaphragm for deformation 
lighting (un-illustrating) in which aperture-diaphragm 6A for zona-orbicularis lighting in which 
zona-orbicularis-like opening was formed, and two or more openings which carried out eccentricity 
were form ed, the small aperture diaphragms (un-illustrating) for coherence factors (sigma value) in 
which small opening was formed by driving gear 6D. The lighting conditions over a reticle 1 1 can be 
switched by switching aperture diaphragms 6 and 6A etc, by driving gear 6D, 
[0029] In addition, there is also a possibility that the total quantity of light of a laser beam may 
decrease, and the illuminance on a reticle may fall sharply, by arranging the aperture diaphragm 6 
which shades the center section by the side of injection of the fly eye lens 5, In this case, in order to 
change a laser beam LB without quantity of light loss into the zona-orbicularis-like flux of light 
between the optical paths between an excirner laser 1 and the fly eye lens 5, a zona-orbicularis-like 
flux of light conversion member with a conic refracting interface may be arranged, 
[0030] A reflection factor carries out incidence of the laser beam (it is hereafter called "the pulse 
illumination light IL") injected from the secondary light source of a large number in opening of an 
aperture diaphragm 6 to the small beam splitter 7 with big transmission, and the pulse illumination 
light IL as an exposure beam which penetrated the beam splitter 7 passes opening of the rectangle of 
fixed radikion field diaphragm (fixed reticle blind) 9 A through 1st relay lens 8 A. Moreover, by also 
arranging movable radiation field diaphragm 9B in which the location and width of face 
corresponding to a scanning direction of a reticle 1 1 have adjustable opening near the fixed radiation 
field diaphragm 9A, and restricting a radiation field further through the movable radiation field 
diaphragm 9B at the time of initiation of scan exposure, and termination, it is constituted so that the 
exposure to an unnecessary part may be prevented. In this case, movable radiation field diaphragm 
9B is arranged on the conjugation side over the pattern side of a reticle, and fixed radiation field 
diaphragm 9A is arranged in the location slightly defocused from that conjugation side, 
[0031] The pulse illumination light IL as an exposure beam which passed fixed radiation field 
diaphragm 9 A and movable radiation field diaphragm 9B illuminates lighting field 12R of the 
rectangle on the reticle 1 1 held on the reticle stage 15 by uniform illumination distribution through 
2nd relay lens 8B and a condensing lens 10. Projection exposure of the image which reduced the 
pattern in lighting field 12R on a reticle 1 1 through projection optics 13 for the projection scale 
factor MRW (MRW is 1/4, 1/5, and 1 / 6 grades) is carried out exposure field (radiation field) 12W 
of the rectangle on the wafer (wafer) 14 with which the photoresist as an exposed substrate was 
applied, \yafers 14 are disc-like substrates, such as semi-conductors (silicon etc.) or SOI (silicon on 
insulator)| A reticle 11 and a wafer 14 are equivalent to the 1st body and the 2nd body of this 
invention- respectively, and projection optics 13 supports the projection system of this invention. The 
Z-axis is taken in parallel with the optical axis AX of projection optics 13 hereafter, and a non- 
scanning direction perpendicular to the direction of Y and its scanning direction is explained for the 
scanning direction (namely, direction parallel to the space of drawing 1 ) of the reticle 1 1 to lighting 
field 12R as a direction of X in a flat surface perpendicular to the optical axis AX. 
[0032] While a reticle stage 15 carries out uniform migration (scan) of the reticle non-illustrated base 
top in the direction of Y by the reticle stage mechanical component 18 of a linear motor system at 
this time, it moves slightly so that a synchronization error may be amended to the direction of X, the 
direction of Y, and a hand of cut. The X coordinate of the migration mirror fixed on the reticle stage 
15 and the reticle stage 15 measured by the external laser interferometer 16, Y coordinate, and an 
angle of rotation are supplied to the stage controller 17, and the stage controller 17 controls the 
location and rate of a reticle stage 15 through the reticle stage mechanical component 18 based on 
the supplied coordinate. Moreover, the measurement slit 28 (refer to drawing 4 ) which becomes a 
non-scanning direction (the direction of X) from long and slender opening is formed in the location 
which shifted to the scanning direction to the reticle 1 1 of a reticle stage 15. In this example, 
permeability distribution of projection optics 13 is measured by moving the measurement slit 28 to 
lighting field 12R like the after-mentioned. 

[0033] Off' the other hand, a wafer 14 is laid on Z tilt stage (sample base) 19 through a non-illustrated 
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wafer holder, and Z tilt stage 19 is laid on X-Y stage 20. X-Y stage 20 carries out uniform migration 
(scan) of the wafer W in the direction of Y while performing step migration of a wafer 14 in the 
direction df X, and the direction of Y on the non-illustrated wafer base. Moreover, Z tilt stage 19 has 
the function to adjust the tilt angle of the wafer 14 to XY flat surface while adjusting the location 
(focal loc4tion) of the Z direction of a wafer 14. The X coordinate of the migration mirror fixed on Z 
tilt stage 1|9 and X-Y stage 20 measured by the external laser interferometer 22, Y coordinate, and an 
angle of rotation are supplied to the stage controller 17, and the stage controller 17 . controls the 
location of X-Y stage 20, and a rate through the wafer stage mechanical component 23 of a linear 
motor system based on the supplied coordinate, The wafer stage consists of a Z tilt stage 19 and X- Y 
stage 20. j 

[0034] Moreover, actuation of the stage controller 17 is controlled by the main control system which 
carries ou^ control control of the whole non-illustrated equipment. And the actuation which moves 
the shot field for [ on a wafer 14 ] exposure to a scan starting position by step migration of X-Y stage 
20 at the t[me of scan exposure, A reticle stage 15 is minded for a reticle 1 1. and it is a rate VR to the 
direction (lor the direction of -Y) of -f-Y to lighting field 12R. It synchronizes with scanning. The 
actuation which scans a wafer 14 in the direction (or the direction of +Y) of -Y to exposure field 
12W through X-Y stage 20 by rate MRW-VR (projection scale factor [ as opposed to the wafer 14 
from a reticle 1 1 in MRW ]) is repeated by step - and - scanning method. The contraction image of 
the pattern of a reticle 1 1 is imprinted by this to all the shot fields on a wafer 14. In addition, it is 
because projection optics 13 performs reversal projection that the scanning direction of a reticle 1 1 
and a wafer 14 is reverse, and when projection optics 13 projects an erect image, the scanning 
direction of a reticle 1 1 and a wafer 14 becomes the same. 

[0035] Moreover, illuminance unevenness sensor 21 P which consist of an optoelectric transducer 
near the wafer 14 on Z tilt stage 19 are established permanently, the light-receiving side which is 
illuminanc e unevenness sensor 2 IP is set as the same height as the front face of a wafer 14, and 21Pa 
(refer to drawing 5 ) of pmhole-like light sensing portions is formed. Furthermore, exposure monitor 
21 B whiclii consists of an optoelectric transducer by which light sensing portion 21Ba (refer to 
drawing„5|) larger than the exposure field 12W was formed on the Z tilt stage 19 is established 
permanently. Exposure monitor 2 IB and illuminance unevenness sensor 2 IP support the 2nd 
detector and the 3rd detector of this invention, respectively. 

[0036] In order for there to be sensibility in the same wavelength region (for example, wavelength of 
300nm - about lOOnm) as the pulse illumination light IL as exposure monitor 2 IB and illuminance 
unevenness sensor 2 IP and to detect the pulse illumination light, optoelectric transducers, such as a 
photodiods which has a high response frequency, or photograph multi-pliers, can be used. Exposure 
monitor 21 B and the detecting signal of illuminance unevenness sensor 2 IP are supplied to the 
exposure Controller 26 through non-illustrated apeak hold circuit and an analog-to-digital (A/D) 
converter.! 

[0037] In drawing 1 , the pulse illumination light IL which was injected from the fly eye lens 5 and 
reflected by the beam splitter 7 as a measure point is received by the integrator sensor 25 which 
consists of an optoelectric transducer as the 1st detector through a condenser lens 24, and the photo- 
electric-conversion signal of the integrator sensor 25 is supplied to the exposure controller 26 as an 
output DS [digit] through non-illustrated a peak hold circuit and an A/D converter, The correlation 
coefficient alpha 1 with the pulse energy (light exposure) per unit area of the pulse illumination light 
IL on the output DS of the integrator sensor 25 and the front face of the wafer 14 corresponding to 
exposure field 12W (image surface) of the projection optics 13 measured by exposure monitor 2 IB 
[mJ/cm2] |s called for beforehand, and the correlation coefficient alpha 1 is stored in storage section 
26a, such ks a magnetic disk drive connected to the exposure controller 26. in addition, although 
what is necessary is just to use it as it is also while exposing the correlation coefficient alpha 1 for 
which it a$ked at the time of initiation of an exposure process etc. when the permeability of 
projection-optics 13 is about 1 law, in order to perform light exposure control so that it can be coped 
with, also [when changing the permeability of projection optics 13 in the short term like the after- 
mentioned in this example, the correlation coefficient alpha 1 is a variable (function of time amount), 



[0038] The exposure controller 26 controls luminescence timing, luminescence power, etc. of an 
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excimer l^ser 1 by supplying control information TS to an excimer laser 1 synchronizing with the 
performance information of the stage system (a reticle stage 15 and wafer stage (19 20)) from the 
stage controller 17. Furthemiore, the exposure controller 26 controls transmission by switching the 
ND filter if an energy coarse adjustment unit 3, and the stage controller 17 controls the switching 
action of movable radiation field diaphragm 9B synchronizing with the performance information of a 
stage system. 

[0039] Moreover, the amount monitor 60 of reflection which becomes the pupil surface of an 
illumination-light study system and a location [ **** ] from an optoelectric transducer by the 
reflector sfde of the rear face of a beam splitter 7 is arranged. With this configuration, the light by 
which the jpulse illumination light IL (reflected light) reflected with the wafer 14 was reflected in the 
beam splitter 7 by return and the beam splitter 7 through 2nd relay lens 8 A from projection optics 13 
is received by the amount monitor 60 of reflection, and the detecting signal RS of the amount 
monitor 60 of reflection is supplied to the exposure controller 26. The monitor of the quantity of 
light of the whole which passes the projection optics 13 can be carried out more to accuracy by the 
monitor of the quantity of light (it considering as the 1st quantity of light) which carries out 
incidence >o projection optics 13 from the detecting signal of the integrator sensor 25 being carried 
out, and b^ing reflected with a wafer 14 from the detecting signal of the amount monitor 60 of 
reflection, I and adding the 1st quantity of light and 2nd quantity of light during exposure, since the 
quantity of light (it considers as the 2nd quantity of light) passed again can cany' out the monitor of 
the projection optics 13. 

[0040] Mdreover, according to the integral value of the quantity of light of the whole which passes 
the projection optics 13, image formation properties, such as distortion (a scale-factor error is 
included) bf projection optics 13 and a best focus location, change with time. Then, in quest of the 
relation between the integral value of the quantity of light of that whole, and the variation of the 
image formation property of that projection optics 13, it memorizes to storage section 26a 
beforehand, and during exposure, the exposure controller 26 calculates the integral value of the 
quantity of light of the whole which passes projection optics 13 from the detection result of that 
integrator sensor 25 and the amount monitor 60 of reflection, and calculates the variation of the 
image forrjiation property of projection optics 13 from this integral value, And when there is a 
possibility that the variation of the image formation property may exceed tolerance, for example, the 
exposure dontroller 26 amends the image formation property of projection optics 13 through the 
image forrhation property compensators (equipment which drives some lenses of projection optics 
13) which iare not illustrated [ for example, ], or amends the focal location of a wafer 14 according to 
the amounjt of fluctuation of a best focus location. Exposure is performed in the always optimal 
image formation property by this. 

[0041] Next, with reference to drawing 2 , it explains per configuration of the light exposure control 
system of this example. Drawin g 2 shows the light exposure control system of the projection aligner 
of drawing 1 , in the interior of the excimer laser 1 of this drawing 2 , incidence of the laser beam 
emitted in jpulse from laser cavity la is earned out to beam splitter lb which has reflection factors 
with it, and the laser beam LB which penetrated beam splitter lb is injected outside, [ high 
transmission and ] [ few 1 Moreover, incidence is carried out to energy monitor 1c which the laser 
beam reflected by beam splitter lb becomes from an optoelectric transducer, and the photo-electric- 
conversion signal from energy monitor ic is supplied to energy controller id as an output ES 
through thje non-illustrated peak hold circuit. The unit of the controlled variable of the energy 
corresponding to the output ES of energy monitor 1c is [mJ/pulse], At the time of the usual 
luminescejice, energy controller Id, the supply voltage in high voltage power supply le is controlled, 
and the energy per one pulse in laser cavity la is determined according to this supply voltage so that 
the outputiES of energy monitor ic may serve as a value corresponding to the desired value of the 
energy peri one pulse in the control information TS supplied from the exposure controller 26. By this, 
the pulse dnergy of an average of the laser beam LB injected from an excimer laser 1 serves as a 
value directed by the exposure controller 26. 

[0042] Thk energy per one pulse of an excimer laser 1 is usually the main predetermined energy E0. 
Although it sets and stabilizes, it is the main energy E0, It is constituted so that it can change in the 
predetermined range up and down (continuous fine control). Moreover, it is arranged on the outside 
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of beam splitter lb in an excimer laser 1 also shutter If for shading a laser beam LB according to th 
control information from the exposure controller 26. 
[0043] Furthermore, in drawing 2 3 at the time of calculation of the below-mentioned correlation 
coefficient, or updating, the throughput corresponding to the output ES of energy monitor Ic is 
supplied t(j> the exposure controller 26 through energy controller Id, and a correlation with the output 
DS of the throughput corresponding to the output ES of energy monitor Ic and the integrator sensor 

25 is searched for by the exposure controller 26. And at the time of scan exposure, the exposure 
controller 26 sends the predetermined control information TS to energy controller Id, makes pulse 
luminescence perform to an excimer laser 1 a fixed period substantially, integrates the output DS 
from the integrator sensor 25 for every pulse illumination light, and calculates indirectly the actual 
addition lijght exposure in each point on a wafer 14 one by one. And the exposure controller 26 tunes 
adjustment of the permeability in an energy coarse adjustment unit 3, and energy per one pulse in an 
excimer lajser 1 finely like the after-mentioned so that the addition light exposure at the time of each 
point passing exposure field 12W of drawing 1 may agree in predetermined tolerance (precision) in 
the settingj Hght exposure (target light exposure) to the photoresist on a wafer 14. 

[0044] No^v, the image formation system equipped w 7 ith the lens which consists of fluorite (CaF2) of 
one sheet or two or more sheets the lens as a refraction member of two or more sheets which consists 
of quartz glass (SiG2), and for chromatic-aberration amendment as projection optics 13 of the 
example of the book of drawing 1 is used. In this case, since fluorite is expensive, that amount used 
is stopped |by necessary minimum. Moreover, generating of short-term permeability fluctuation is 
permitted and not the ingredient that controlled the amount of dopes of a hydrogen ion (H+), and 
made smal l the short-term amount of permeability fluctuation as the quartz glass but the ingredient 
which made small the long-term amount of permeability fluctuation (compaction) is used. This is 
because the optical member in projection optics 13 is not easy to exchange, 
[0045] On the other hand, although fluorite is used quartz glass and if needed also as refraction 
members in the illumination-light study system containing the optical member from a beam splitter 7 
to a condensing lens 10 (lens etc.) Since the refraction member in an illumination-light study system 
is easy to ^xchange, the ingredient (ingredient with which permeability is changed gradually in the 
long run) Which controlled the amount of dopes of a hydrogen ion (H+) as an ingredient of the quartz 
glass, and made small the short-term amount of permeability fluctuation is used. Moreover, since 
there is little number of sheets of the optical member currently used even for the condensing Sens 10 
from the beam splitter 7 (measure point) in an illumination-light study system compared with the 
number or sheets of the optical member in projection optics 13, there is no need of making an issue 
of most short-term fluctuation of permeability about an illumination-light study system. 
[0046] In the quartz glass currently used into projection optics 13 A silicon atom (Si), and the atom 
and ion (with oxygen (O), silicon (Si), etc.) of the perimeter If association (Si-X) expressed with "X" 
below is c|it by the exposure of pulsed light with a strong vacuum ultraviolet area, permeability is 
changed in the short term (for exampl e, it falls) and the exposure of the pulsed light is interrupted It 
is known that the association (Si-X) will be recombined and permeability will return gradually 
according to a short-term relaxation phenomenon. 

[0047] Exposure (exposure of exposure light) to a series of shot fields is performed to tl, t2-t3, t4-t5, 
and — . therefore, it is shown in drawing 3 (a) — as — time tO- As what performs step migration 
(interruption of an exposure) to tl-t2, t3-t4, and — at the time of the meantime, if the permeability of 
the optica^ system from the beam splitter 7 of this example to a wafer 14 is set to T Since most 
originates |in permeability fluctuation of projection optics 13, the amount of fluctuation of the 
permeabil|ty T can consider that the permeability T of the optical system is the permeability of the 
projection! system °f ^ s invention. The permeability T (initial value is set to T (0)) of the optical 
system (mainly projection optics 13) will decrease exponentially, as a curve 36 shows during the 
exposure of exposure light, and during interruption of an exposure, as a curve 37 shows, it will 
increase exponentially, Then, in this example, it asks for time constant taua of the curves 36 and 37, 
and rate of change calcium like the after-mentioned beforehand, and when [ t ] it is under exposure, 
in operation part 26b connected to the exposure controller 26 of drawing 1 , rate-of-change deltaT (t) 
in t is computed at the time of the permeability T of the optical system, and the exposure controller 

26 performs light exposure control based on this. 
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[0048] Inj addition, permeability fluctuation short-term also as a refraction member from a beam 
splitter 7 to a condensing lens 10 may be accepted in the illumination-light study system of drawing 
1 , and an ingredient with little long-term permeability fluctuation may be used. Also in this case, 
what is necessary is just to compute the permeability T of the optical system from a beam splitter 7 
to a wafer 14. The value which multiplied this permeability T by the multiplier for unit conversion 
becomes the above-mentioned correlation coefficient alpha 1. 

[0049] A though the numerical aperture AR specified by movable radiation field diaphragm 9B of 
drawing J. is needed on the occasion of calculation of rate-of-change delta!" (t) of the above- 
mentioned permeability, the numerical aperture AR changes to trapezoidal shape between 0 and 1 
(100%) between tO-tl the time of exposure (exposure of exposure light) to one shot field being 
performeji, as shown in draw ing 3 (b). In this case, if it shall be opened and c losed when movable 
radiation [field diaphragm 9B has a reticle stage 15 between a location Y0 and a location Yl in a 
scanning direction (the direction of Y) ? it can be considered that the numerical aperture AR of 
movable radiation field diaphragm 9B is also the function of the location Y of a scanning direction. 
[0050] Next, with reference to the flow chart of drawing 10 and drgwngJX , it explains to a detail 
per example of the light exposure control action by the projection aligner of this example. First, with 
the wafer; 14 for [ of this example ] exposure, according to the photoresist used, target light exposure 
(desired yalue of addition exposure energy) is set as the predetermined setting light exposure S0 5 and 
is stored i(n the exposure data file of a non-illustrated host computer, 

[0051] Draw ing 7 shows the wafer 14 for [ that ] exposure, and sets it to this draw ing 7 . The 
exposed fjield of the front face of a wafer 14 The direction of X, It is divided in the direction of Y to 
the shot fleld as a partition field of two or more rectangles in a predetermined pitch, respectively, and 
is [ direction / of X / the ] the shot field 31 (i, j) about the shot field of the j-th location (j=l-6) (i, j) 
to the direction of Y in the i-th (i=l-6). It expresses, 

[0052] And the operator of the projection aligner of this example takes out the data of the setting 
light exposure SO to a wafer, and makes storage section 26a of the exposure controller 26 memorize 
from the exposure data file of the host computer in step 101 of drawing 10 . In the following step 
102, transmission of the energy coarse adjustment unit 3 of drawing 1 is made into 100%, and in the 
condition of not laying the wafer for exposure on Z tilt stage 19, the exposure controller 26 sets the 
output (pulse energy) of the excimer laser 1 as the exposure light source as the median EG (neutral 
value) of the adjustable range, and sets the numerical aperture AR of movable radiation field 
diaphragnh 9B as 1 (100%) through the stage controller 17, 

[0053] Thjen, in step 103, while the exposure controller 26 makes test luminescence of for example, 
several 10 pulse extent perform to an excimer laser 1, it incorporates the output DS of the integrator 
sensor 25 [digit] for every pulsed light, and computes average pulse energy [ on the image surface 
(front fac£ of a wafer) of projection optics 13 ] P [mJ/cm2] like a degree type from the output DS 
and the above-mentioned correlation coefficient alpha 1 . 
[0054] P^alpha 1 and DS - (1) 



In this cas 



e 5 the exposure controller 26 incorporates the output ES of energy monitor 1c as a sensor 



inside an Excimer laser 1 [mJ/pulse] for every pulsed light, as shown in dr aw ing 2 , and it computes 
the correlation coefficient alpha 2 for changing the output DS of the integrator sensor 25 into the 
output ES of energy monitor 1c (alpha2HES/DS). This correlation coefficient alpha 2 is also 
memorized by storage section 26a. By this example, this correlation coefficient alpha 2 is computed 
by test lurhinescence, whenever a switch of the permeability of an energy coarse adjustment unit 3 is 
performed 

[0055] In this case, since there is dispersion in energy for every pulsed light, the measurement data 
of outputs ES and DS are distributed along with the straight line 51 of drawing 8 (a). Finally let the 
average of the inverse number of the inclination of the straight line 51 for which it asked with the 
least square method, or the correlation coefficient alpha 2 computed for every pulsed light be a 
correlation coefficient alpha 2 there. If this correlation coefficient alpha 2 is used, the exposure 
controller |26 can compute the output ES of energy monitor lc from the output DS of the integrator 
sensor 25 like a degree type. 
[0056] EShalpha 2 and DS - (2) 

Therefore] the output of an excimer laser 1 is controllable on the basis of the output DS of the 
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integrator sensor 25. Next, in step 104, the exposure controller 26 of drawing 1 computes exposure 
pulse number N per point on the wafer to the setting light exposure SO. That is, about Function round 
(x), supposing it is the function which rounds off the value of the 1st place below decimal point of 
Variable x, N is as follows. 
[0057] N^round (SG/P) - (3) 

Next, it sets to step 105 and the exposure pulse number N is the required light exposure control 
reproducibility AE. Minimum exposure pulse number Nmin beforehand defined in order to obtain It 
investigates whether it is above, and N<Nmin it is ~ what is necessary is for that just to make 
average pulse energy P on the image surface smaller than (3) types, although it is necessary to 
enlarge exposure pulse number N at a case Then, it is N>=Nmin among two or more steps of 
permeability which shifts to step 106 and can set up the exposure controller 26 with the energy 
coarse adjustment unit 3 of drawing 1 . The largest value in the materialized range is chosen and the 
permeability of an energy coarse adjustment unit 3 is set as the value. It shifts to step 103 again after 
that, and actuation to steps 103-105 is repeated. 

[0058] Consequently, the correlation coefficient alpha 2 for converting the output DS of the 
integrator! sensor 25 into the output ES of energy monitor 1c in the average pulse energy P on the 
image surface under the permeability after renewal of an energy coarse adjustment unit 3 and (2) 
types is undated. In this case, since the permeability of an energy coarse adjustment unit 3 is small, 
the relatiop between the output DS of the integrator sensor 25 and the output ES of energy monitor 
1c becomes like the measurement data in alignment with the straight line 52 of drawing 8 (a), and a 
correlation coefficient alpha 2 becomes large. That is, the correlation coefficient alpha 2 is a function 
of the penjneability of an energy coarse adj ustment unit 3. And it is N>=Nmin at step 105. When 
materialized, the exposure controller 26 calculates the set point Pt of the energy per one pulse of an 
exeimer laser 1 (value converted into the measurement value on the image surface) from the setting 
light exposure SO from a degree type. 
[0059] Pt+S0/N - (4) 

If the abofe-mentioned correlation coefficients alphal and alpha2 are used, that set point Pt can be 
converted | into the output DS in the integrator sensor 25 (= Pt/alpha 1), and can convert the output 
DS of this! integrator sensor 25 into the output (referred to as Et) of energy monitor 1c in an exeimer 
laser 1 as follows further. 
[0060] Et+(alpha2/alphal) Pt - (5) 

Next, actuation shifts to step 107 and an operator inputs into the exposure controller 26 the 
magnitude of lighting field 12R on the reticle 1 1 specified by fixed radiation field diaphragm 9 A of 
drawing IL as a result the magnitude of exposure field 12W on a wafer 14. As magnitude of 
exposure field 12W, the width of face Ws of the scanning direction (the direction of Y) and the 
width of f£ce Wh of the non-scanning direction (the direction of X) are inputted. Furthermore, the 
width of face YS of the width of face 2 of the direction of X of each shot field on the wafer for 
exposure (Jeach chip), XS, and the direction of Y is also inputted into the exposure controller 26. The 
magnitude^ of opening of the fixed radiation field diaphragm 9A is set up to the exposure field 12W. 
In this casjp, Wh=2, XS If it is materialized and the core (optical axis AX) which is exposure field 
12W is made into the zero of the direction of X, the minimum of that direction of X of exposure field 
12W will serve as -XS, and an upper limit will serve as h~XS. 

[0061] Next, in order to perform transmission measurement of a reticle 11, it shifts to step 108, and 
in drawing 1 , X-Y stage 20 is driven and exposure field 12W of the whole are stored in the light 
sensing portion of exposure monitor 2 IB, And where a reticle 1 1 is beforehand removed from a 
reticle sta^e 15, the detecting signal PRE of exposure monitor 2 IB and the detecting signal DS of the 
integrator bensor 25 are incorporated, and it asks for the criteria permeability Tstd (= PRF/DS) in 
case there lis no reticle as a value of those ratios, and memorizes to storage section 26a. The criteria 
permeability Tstd is memorized as a control parameter (constant) of every lighting conditions 
(usually lighting, zona-orbicularis lighting, deformation lighting, small sigma value lighting, etc.). 
The permeability which multiplies the criteria permeability Tstd by the numerical aperture AR of 
movable radiation field diaphragm 9B of drawing 3 (b), and is obtained is expressed with the 
polygonal line 57 of drawing 3 (c). As for the polygonal line 57, maximum (value of a flat part) is 
changing to trapezoidal shape about the location Y of a scanning direction (Y0 <=Y<=Y1) by Tstd. 
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Moreover^ since the width of face (slit width) of the scanning direction of exposure field 12W is Ws, 
the penneability is increasing or decreasing in the range of width of face Ws to locations YO and Yl. 

[0062] Nekt, lay a reticle 1 1 on a reticle stage 15, and movable radiation field diaphragm 9B is 
controlled! like the time of exposure (closing motion). Drive a reticle stage 15 and a reticle 1 1 is 
scanned in the direction of Y to lighting field 12R, The detecting signal PRP of exposure monitor 
2 IB and tfoe detecting signal DS of the integrator sensor 25 are incorporated with a predetermined 
sampling jfate by the exposure controller 26, The value (=PRP/DS) of the ratio of those detecting 
signals is Memorized to storage section 26a as a function Tmes (Y) of the location (reticle system of 
coordinatds) of the direction of Y of a reticle stage 15. As the curve 56 of drawing 3 (c) shows, in a 
scanning ione (YO <=Y<=Y1), this function Tmes (Y) is a value smaller than the criteria 
transmission Tstd, and is changing irregularly corresponding to distribution of the roughness and 
fineness of a device pattern. Next, in step 109, the exposure controller 26 computes exposure power- 
coefficienf eta (Y) as a function of a location Y from a degree type. 
[0063] 

eta(Y) =Tmes(Y)/Tstd — (6) 

Next, it shifts to step 1 10 and the exposure controller 26 performs initial value measurement which is 
in charge of starting the tracking of permeability fluctuation. The measurement slit 28 currently 
formed on the reticle stage 15 like draw] ng 4 as an example of measurement is used. It moves on the 
optica] axfs AX of projection optics 13 at the core of this measurement slit 28, the core, i.e., this 
example, If lighting field 12R, and the exposure of the pulse illumination light IL is started, and as 
shown in drawing 5 , image 28W of that measurement slit 28 are scanned in the direction of X (non- 
scanning direction) by 21 Pa of light sensing portions of the shape of a pinhole on a wafer stage of 
illuminance unevenness sensor 21P, And, moving 21Pa of light sensing portions to a series of 
measure points set up in the direction of X at intervals of predetermined With the pulse number 
(Nm) which can acquire repeatability sufficient in each measure point, the detecting signal Ppin of 
illuminanc e unevenness sensor 21 P And incorporate the detecting signal DS of the integrator sensor 
25, and operation part 26b is supplied. In operation part 26b, it is a detecting signal Ppin at each 
measure point, respectively, And the average of the value ( — Ppin/DS) of the ratio of DS is 
memorized as penneability Tl of the direction of X of exposure field 12W (X) (plot). 
[0064] The penneability Tl (X) obtained by making drawing 6 such is shown, and the X coordinate 
of exposure field 12W and axis of ordinate to which the axis of abscissa was set are the permeability 
Ti of projection optics 13 the very thing (X) in this drawing 6 at the optical system except the reticle 
1 1 in that X coordinate, i.e., the Lord, Although drawing 6 shows the case where made width of face 
of the non -scanning direction of exposure field 12W into max, and the range of X coordinate is set as 
(-XS-+XS), depending on the pattern for an imprint, the field of the non-scanning direction may turn 
into an inner (-XS-+XS) predetermined field. 

[0065] Next, the average in the direction of X of that penneability Tl is calculated as an average 
transmission coefficient <T>, and this average transmission coefficient <T> is memorized to storage 
section 26a. Next, the tracking of penneability prediction is started in step 111. Namely, rate-of- 
change delta[ of the penneability T of the optical system from the beam splitter 7 in t to a wafer 14 ] 
T (t) is computed by operation part 26b by the following formulas at a certain time. 
[0066] 



deltaT (t) 
t calcium 



fdeltaT (t-**t), exp (-** t/tau a) 
W (t) - [i-exp (-** t/tau a)] (7) 
Moreover] when starting the tracking of (7) types, it is necessary using the above-mentioned averag 
transmission coefficient <T> and the criteria permeability Tstd to substitute the following formulas 
as initial vialue of rate-of-change deltaT (t). 
[0067] | 

deltaT(t-dfeltat) =<T>/Tstd-1 (7 A) 

Here, the 1st tenn of (7) types is a relaxation term, the 2nd tenn is an exposure term, and the 
semantics jof each variable is as follows. 

1) — **t: 4~ the sampling time. This is sufficiently small time amount compared with the actual 
exposure tjime, for example, is about several ms. 



e 
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[0068] 2)[taua : it is the time constant of transmission fluctuation and is the constant for which every 
exposure process (the class of reticle pattern, this kind of mixing ratio, a setup of fixed radiation field 
diaphragm 9 A, lighting conditions, and pulse energy consistency at the time of exposure (particle 
fluence)) is asked beforehand. 

3) calciurh : it is the rate of change [%/Wj of permeability, and is the constant for which it asks 
beforehand for every exposure process. 

[0069] Furthermore, function [ in the (7) type ] (henceforth "exposure power") W (t) can be 
expressed with a degree type. 
[0070] | 
[Equation 11 

ff," a l* (Y) - i CO -« (f-At) dt] 
W ( t) 4 — »■ (8) 

[0071] Although exposure power-coefficient [ in this formula ] eta (Y) is the function of the location 
Y of a scanning direction, it can express a location Y with predetermined function f (t) oft at the 
time afterj tracking initiation of permeability prediction. That is 5 the Y coordinate of a reticle stage 15 
is read dujring scan exposure at every deltat, and from (6) types, eta (Y) can be calculated, this can be 
substituted for (8) types, and it can ask for exposure power W (t). The parameter of others in the (8) 
type is defined as follows. 

[0072] I(t'): The output of the integrator sensor [ in / a time / t J ] 25. 

alpha(t ! - deltat): The value of correlation coefficient alpha (t) into which only deltat divided the 
pulse enetgy in the image surface by the output of the integrator sensor 25 from time t' at the last 
time. And in operation part 26b, from (8) types, exposure power W (t) is computed to every **t, and 
rate-of-chjange delta[ of permeability ] T (t) is computed by substituting this W (t) for (7) types. 
T0Q73] ana the time of exposure ~ every shot — or whenever it does deltat progress of, correlation 
coefficient aipha (t) is updated. Namely, initial value alpha 0 of correlation coefficient alpha (t) 
measured I in the s tate of the constant temperature which does not have the effect of the exposure heat 
by exposure light before rate-of-change deltaT (t) and exposure initiation of the permeability of (7) 
types It u<;es and the value of the following formulas is used as correlation coefficient alpha (t). 
alpha (t) == (1 -deltaT (t)), alpha 0 - (9) 

Next, exposure actuation shown in drawing, 11. is performed. In do™ stream processing between 
wafers of step 121 of drawing 1 1 Namely, exchange of the wafer on Z tilt stage 19 of dr awing 1 , In 
the step lg2 of measurement of the amount of base lines of a non-illustrated alignment sensor, and 
the wafer latter exchange (it considers as a wafer 14) after performing alignment by the en hunger 
strike global alignment (EGA) method The shot field for [ of a wafer 14 ] exposure (chip) is moved 
to a scan starting position, and it judges whether the elapsed time after measuring criteria 
permeability to the nonluminescent time amount of exposure light or a front in step 123 is below the 
predeterrrjined time amount Tnonf (for example, 30s). And when the nonluminescent time amount or 
its elapse<j3 time is larger than Tnonf, it shifts to step 1 30, and as shown in drawing 6 like step 1 10, 
the average permeability <T> as criteria permeability is measured. And a formula is substituted as 
initi al value deltaT (t-deltat) of the rate of change of permeability (7 A) like the actuation at the time 
of tracking initiation of the rate of change of the permeability in step 1 1 1 as reset processing. Then, 
actuation shifts to step 124. 

[0074] Oi| the other hand, when the nonluminescent time amount or its elapsed time is below Tnonf 
at step 123, it shifts to step 124 and rate-of-change delta[ of the permeability of a just before / 
exposure initiation ] T (t) is made to reflect in the next shot exposure, namely, rate-of-change delta 
[ of the permeability in this time t ] T (t) is computed by substituting rate-of-change deltaT (t-deltat) 
of the perineability calculated as reset processing or — at the last time at (7) types. And correlation 
coefficient alpha (t) is computed by substituting this rate-of-change deltaT (t) for the above- 
mentioned (9) types. 

[0075] Seating to the following step 125, the exposure controller 26 is the scan exposure conditions 
SO of degree shot on a wafer, i.e., setting light exposure, exposure pulse number N per point on a 
wafer, thej luminescence frequency f of an excimer laser 1, the set point Et of the target pulse energy 
in an excijmer laser 1, the scan speed V of a wafer, and the set point Tadj of the permeability of an 
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energy cdarse adjustment unit 3. It determines. In this case, the target pulse energy Et while exposing 
the next £hot field (chip) is expressed with a degree type using correlation coefficient [ of the real 
time of the setting light exposure SO, exposure pulse number N per point on count, and (9) types ] 
alpha (0, 
[0076] 

EKSO/Np/alpha (t) (10) 

And if it shall expose by moving exposure field 12W along with a locus 30 to a wafer 14 relatively 
as shown in drawin g 7 (a wafer 14 side moves in fact), scan exposure will be performed in order of 
the shot field 31 (2 1), 31 (3 1), and — . Then, the exposure controller 26 sets the scan exposure 
conditions over the shot field of the location (i, j) exposed next on a wafer 14 as an excimer laser 1 
and the stage controller 17, Control of pulse energy is performed by comparing the target pulse 
energy Etj with actual measurement value Et' by energy monitor lc in the excimer laser 1 of drawing 
2 for eveity pulse, and feeding back the difference to laser cavity 1 a at the beginning under exposure. 
[0077] Tien, in step 126, pulse luminescence of an excimer laser 1 is started and scan exposure to 
the shot f eld concerned is performed by scanning a wafer 14 with a scan speed V to a scanning 
direction f5D (the direction of Y) to exposure field 12W, as shown in drawing 7 . Light exposure 
control hi this case is performed as follows as an example. That is, the exposure controller 26 of 
drawing 1 resets the impulse counter which consists of a register of the interior for carrying out 
counting of the luminescence pulse number n before initiation of pulse luminescence of an excimer 
laser 1. T ien, a reticle 1 1 and a wafer 14 synchronize, constant speed scanning comes to be carried 
out respectively, and after the edge of the shot field for [ on a wafer 14 ] exposure puts in exposure 
field 12W and reaches just before [ this ] (luminescence start point), an excimer laser 1 is made, as 
for the exposure controller 26, to start pulse luminescence. And the exposure controller 26 measures 
the pulse energy of each pulse illumination light 1L through the integrator sensor 25 for every pulse 
luminescence, 

[0078] At this example, an excimer laser 1 is Et-Nmin whose same addition energy per pulse of the 
number as the minimum exposure pulse number (Nmin) which arbitration follows is constant value 
to the puke illumination light by which sequential luminescence is carried out. Pulse luminescence is 
performed by feedback control which becomes. For this reason, it is Pi about the pulse energy 
measured! through the integrator sensor 25 when i pulse eye (i= 0, 1 and 2, — ) was made to emit light. 
It carries 0ut. In addition, it is referred to as P0 =0. And pulse energy Pi measured by then It uses, 
and the exposure controller 26 computes the desired value of the pulse energy at the time of the next 
pulse luminescence as follows, and sets this desired value as an excimer laser 1. 
[0079] In jthis case, as shown in drawing 9 (a), exposure of a pulse is performed to the point 55 on a 
wafer 14 until now (n-1), and the condition of waiting for exposure of n pulse eye is assumed, In 
drawing 9 (a), exposure field 12W of a rectangle make the scanning direction of the wafer [ as 
opposed to / are expressing narrowly the width of face of a non-scanning direction (the direction of 
X) for convenience, and / exposure field 12W ] 14 of explanation the direction of +Y. Moreover, the 
point 54-1 of the polygonal line of the continuous line of drawing 9 (b) - 54- (n-1) express the 
addition light exposure given as the point 55 moved to exposure field 12W, and the axis of abscissa 
supports the Y coordinate of the point 55 when each exposure pulse is irradiated in drawing 9 (b), 
Moreover! the straight line 53 of the dotted line of drawing 9 (b) expresses the target addition light 
exposure kt the time of each pulse luminescence being performed, and it is the purpose of light 
exposure control to make the addition light exposure to a point 55 agree in the setting light exposure 
SO by exposure of N pulse eye in predetermined tolerance, 

[0080] Pulse energy Pi measured by i pulse eye through the integrator sensor 25 at this time What is 
necessary :is just to perform as follows target light exposure Et of degree pulse for the point 55 of the 
waiting fojr exposure of n pulse eye (n) as the easiest control approach, if the value converted into the 
measurement value in energy monitor lc is set to Ei (= alpha 2, Pi). 
[0081] 



on 
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E t (n) = $ t ■ Nml n~ Yl E 1 
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[0082] Th$ exposure controller 26 outputs the pulse energy Et (n) computed such for every 
luminescence of each pulsed light to an excimer laser 1, and an excimer laser 1 performs 
luminescefice according to it. Moreover, after the exposure controller 26 adds 1 to the value n of an 
internal irrjpulse counter for every pulse luminescence, it judges whether whether the shot field for 
exposure Having passed exposure field 12W and a wafer 14 reached the point ending [ exposure ]. 
This can bp judged from the positional information of each stage from the stage controller 17 etc. 
And when! the point ending [ exposure ] is reached, processing of scan termination, Le,, a halt of 
pulse luminescence, is performed. 

[0083] Fuijthermore, the exposure controller 26 computes the addition light exposure Rk (k ::: 1, 2, — ) 
on the iinajge surface by integrating the pulse energy measured by the integrator sensor 25 about each 
point of the spacing Ystep of the shot field which exposure finished. Dra wing 8 (b) is the addition 
light exposure Rk computed for each point of a shot field in this way. An example is shown and the 
axis of abscissa of this drawin g! (b) shows the location Y of the scanning direction in a shot field. 
At this time, the exposure controller 26 is a series of addition light exposure Rk. The average Rave, 



Maximum 
and Rmin, 



Rmax, and the minimum value Rmin It asks and they are these parameters Rave, Rmax, 
It distinguishes whether a value is in tolerance, respectively, and a distinction result is 
outputted \o a non-illustrated main control system, Then, it shifts to step 127 of dx^win^i.l , and 
when thert is a shot field exposed next on a wafer 14, it shifts to step 128, the next shot field is 
moved to a scan starting position, and exposure actuation of steps 123-127 is performed. 
[0084] Then, it is confirmed whether when exposure of all shot fields is completed, it shifts to step 
129 from Step 127, and there is any unexposed wafer within the same lot. And when there is an 
unexposec wafer, actuation of steps 121-128 is repeated, and an exposure process is ended when the 
wafer exposed next is lost. After the wafer after this exposure passes through pattern formation 
processes, such as a development process and etching, a resist exfoliation process, etc. the number of 
predetermined times, a semiconductor device is manufactured by passing through processes, such as 
dicing, bonding, and packaging. 

[0085] Thus, according to this example, rate-of-change deltaT (t) by the exposure of the pulse 
illumination light IL and exposure halt of the permeability of optical system from the beam splitter 7 
including projection optics 13 to a wafer 14 was computed, and the pulse energy of an excimer laser 
1 is amended using this rate of change. Therefore, even when changing the permeability of the quartz 
glass in ths optical system in the short term, in each point in each shot field on a wafer 14, addition 
light exposure can be stored in tolerance to setting light exposure. 

[0086] In addition, in step 111, if it asks for the rate of change calcium and time constant taua which 
are used afe a controlled parameter in first stage, after that, it cannot necessarily use continuously, and 
changing with the exposures to material on a mid- and long-term basis is confirmed by this 
invention person. Then, as for these controlled parameters, updating periodically is desirable. 
Furthermore, rate of change calcium and time constant taua change in fact also depending on the 
pulse energy (particle fluence) in the image surface, exposure power-coefficient [ of (6) types ] eta 
(Y), and pjermeahility distribution of a reticle. Then, it is desirable for rate of change calcium and 
time constant taua to also update light exposure control precision during exposure, in order to 
improve farther. For that purpose, concretely, in step 103 of dra wing 10 , when the average pulse 
energy P m the image surface is computed, by operation part 26b, the rate of change calcium of time 
constant t^tua of the permeability fluctuation till then and permeability is updated to new time 
constant t^ua' and rate-of-change calcium' by the degree type, In addition, Pstd is the image surface 
particle licence measured when till then time constant taua and data picking of rate of change 
calcium wjere performed, and the number k of**** is an integer or a half-integer. 



taua ! =taud- {(Pstd/P)- (1/eta (Y))} k - (12A) 
calcium^alcium- {(Pstd/P)- (1/eta (Y))} k - (12B) 
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In this ca$e, what is necessary is just to use taua' and calcium' instead of time constant taua in (7) 
types, an<ji rate of change calcium, respectively, What is necessary is just to define it experimentally 
in fact, although the number k of**** is 1/2 (square root) as an example, 

[0088] Moreover, if this is generalized, new time constant taua' and rate-of-change calcium' can be 
expressed as follows using the average pulse energy P in the image surface, and the functions gl (P, 
eta (Y)) atnd g2 (P 3 eta (Y)) of exposure power-coefficient eta (Y). 
taua~tauji-gl (P, eta (Y)) (13 A) 
calcium'=fcalcium-g2 (P, eta (Y)) — (13B) 



Or new ti 



kne constant taua f and new rate-of-change calcium' may be memorized as a table to the 



average pjuise energy P and exposure power-coefficient eta (Y). 

[0089] Furthermore, in the predictor control of the rate of change of the permeability described so 
far, the experiment of this invention person has shown that predictability falls immediately after 
processing between wafers. For example, predictability falls like location measurement of an 
alignment mark as processing between wafers at the time of the exposure to some shot fields 
immediately after [ when nonhmiinescent time amount is comparatively long ] carrying out time 
amount continuation. In consideration of such a case, in step 123, it shifted to step 130, criteria 
permeability was surveyed, the amount of fluctuation of the actual measurement was carried out like 
a formuld (7A), and tracking is reset at the time of the exposure to a shot field immediately after 
nonlumiriescent time amount passes for a long time than predetermined time Tnonf by this example. 
The fall of the predictability of permeability can be prevented by this. 

[0090] Next, it explains per other examples of the light exposure control action in step 126 of 
drawing, j 1 . In this example, an excimer laser 1 performs pulse luminescence by feedback control to 
which the addition energy per predetermined unit pulse number becomes fixed. Namely, minimum 
exposure pulse number Nmin If time amount to which luminescence of small predetermined 
luminescence pulse number Nunit is carried out is made into the unit time amount Tunit (this 
changes with luminescence frequencies fk), an excimer laser 1 will perform Power Lok by the initial 
state so that the energy addition value measured by energy monitor 1c of the pulsed light outputted 
for every lunit time amount Tunit may serve as Et-Nunit. However, there are dispersion of pulse 
energy arid a possibility that the addition light exposure on a wafer may separate from the setting 
Sight exposure SO by the drift, only now. Then, based on the measurement value of the integrator 
sensor 25 ? pulse energy which emits light by the excimer laser 1 next is adjusted so that a part for the 
error of pblse energy may be offset. 

[0091] In! this case, it is Pi about the pulse energy measured through the integrator sensor 25 when i 
pulse eyej(i= 0, 1 and 2, — ) was made to emit light. It carries out (P0 =0). And pulse energy Pi 
measured! by then It uses, and the exposure controller 26 computes the desired value of the pulse 
energy at! the time of the next pulse luminescence as follows, and sets this desired value as an 
excimer Ikser 1 . 

[0092] A so in this case, as shown in drawing 9 (a), exposure of a pulse is performed to the point 55 
on a wafejr 14 until now (n-1), and the condition of having exposure of n pulse eye is assumed. 
Control off the pulse energy in this case is performed considering the luminescence pulse number of a 
Nunit individual as a unit. Moreover, the point 54-1 of the polygonal line of the continuous line of 
draw ing 9 (b) - 54- (n-1) The addition light exposure given as the point 55 moved to exposure field 
12W is expressed. The straight line 53 of a dotted line The target addition light exposure at the time 
of each p^lse luminescence being performed is expressed, and it is the purpose of light exposure 
control td make the addition light exposure to a point 55 agree in the setting light exposure SO by 
exposure jof N pulse eye in predetermined tolerance, 

[0093] Inithis case, pulse energy Pi measured by i pulse eye through the integrator sensor 25 If the 
value converted into the measurement value in energy monitor 1c is set to Ei (= alpha 2, Pi), they are 
predetermined **** (weight) WA and WB about the target light exposure Et of degree pulse for the 
point 55 of the waiting for exposure of n pulse eye (n). It is performed as follows using [a non- 
dimensiop]. 
T0094] 
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[0095] Sitting at this (14) ceremony, the 2nd term of the right-hand side is **** WA to the error 
(En-l-Bfj of the last pulse energy. It is the error offset term of a pulse just before being taken 
advantag ng and obtained, and the 3rd term of the right-hand side is **** \VB to the integral value of 
the error 3f the pulse energy for a Nunit pulse before that. It is the error offset term multiplied by 
which and acquired. That is, this example is performing control which approaches Et whose 
following pulse energy is desired value as much as possible based on the error of the last pulse 
energy, and the error of the pulse energy for a Nunit pulse before that, and they are two **** WA 
and WB. Control precision can be optimized with a ratio, The exposure controller 26 outputs the 
pulse energy Et (n) computed such for every luminescence of each pulsed light to an excimer laser 1, 
and an excimer laser 1 performs luminescence according to it, Next actuation is the same as that of 
the gestait of the above-mentioned operation, 

[0096] Next, recently, the so-called double exposure method which uses two different lighting 
conditions by turns, exposes a reticle different, respectively, and exposes each shot field on a wafer 
(each chip) is used. In applying this double exposure method to the gestait of the above-mentioned 
operation), at the head of processing of one lot, initial value measurement of the control parameter 
(controlled parameter) of steps 107-110 is performed for every lighting conditions, and it memorizes 
to storage section 26a. And the tracking of rate-of-change deltaT (t) of the permeability of optical 
system shall be performed using the formula of the following which considered to time amount that 
the amoult of fluctuation was linearity instead of (7) types. 

[0097] ur.der the present circumstances, the lighting conditions before are alike and not being under 
use -- die lighting conditions of eye watch (i-1), and the present lighting conditions in use - as the i- 
th li ghting conditions - the rate of change calcium in the i-th lighting conditions - Cai and time 
constant taua — tauai ** — if it carries out, it can treat as linear system like the following formulas, 
deltaT (t) = {deltaT (t-**t), exp(-delta t/tau ai-1) +Cai-1, 0, and {1-exp (-delta t/tau ai-1)} 
+ {-- deltaT (t-**t) and exp(-delta t/tau ai) +Cai W[ -] (t) - {1-exp (-delta t/tau ai)} 
= {— deltaT(t-**t) andexp(-delta t/tau ai-1) + ~ {-- deltaT (t-**t) and exp(-delta t/tau ai) +Cai W[ -] 
(t) - {1-exp (-delta t/tau ai)} (15) 

At this time, further, on the pupil surface (optical Fourier transform side over a reticle 1 1) of the 
projection optics 13 of drawing 1 , even if zero-order light uses (15) types in the double exposure in 
a noninte rfering combination of two lighting conditions (for example, zona-orbicularis lighting and 
lighting of a small sigma value), the experiment has shown that predictability fails. For this reason, 
whenever! it switches the lighting conditions in the case of double exposure, permeability 
measurement for a check is performed, and it may be made to reset initial value. It is desirable even 
for this n<bt to reach level predetermined in the predictability in each shot field in a wafer, and to 
perform permeability measurement for a check in this case, also before the exposure to each shot 
field in a wafer. Needed measurement frequency is expressed with the function of Tc and WPRES 
when average exposure power in Tc and current lighting conditions is set to WPRES for the time 
amount which the change took, 

[0098] Mjoreover, in the gestait of the above-mentioned operation, when permeability distribution of 
the non~s£anning direction (the direction of X) of optical system is measured like drawing 6 and 
change of the dispersion, i.e., illuminance unevenness, exceeds predetermined tolerance, dispersion 
in the addition light exposure in each point on a wafer becomes large, and there is a possibility that 
the part t<|> which addition light exposure is not settled in tolerance to desired value may arise. Then, 
it is rnadej not to expose until it suspends the exposure of exposure light and the transmission 
equaiizesjby the relaxation effect, or a reticle is removed, and he irradiates exposure light uniformly 
at projection optics 13, and is trying to equalize transmission distribution in this example in such a 
case. By this, it can prevent that the error of addition light exposure exceeds tolerance. 
[0099] Moreover, in order to compute the quantity of light which passes the optical system more 
correctly J you may make it also take into consideration the quantity of light measured with the 
amount monitor 60 of reflection of drawing 1 , although the quantity of light which passes the optical 
system which includes projection optics 13 using the integrator sensor 25 is computed with the 
gestait of the above-mentioned operation. In addi tion, although the rate of change of the permeability 
resulting from permeability fluctuation of quartz glass is predicted with the gestait of the above- 
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mentioned operation, when wavelength uses pulsed light 170nm or less, and uses fluorite, 
magnesium fluoride (MgF2), etc. as a refraction member, for example as an exposure light, and the 
rate of chajnge of permeability influences light exposure, the control precision of light exposure can 
be improved by applying the control approach of the light exposure of this invention, Furthermore, 
this invention can be applied also when changing the reflection factor of reflective members, such as 
a mirror, j 

[0100] Moreover, the gestalt of the above-mentioned operation applies this invention, when exposing 
with the projection aligner of the scan exposure method which consists of step - and a - scanning 
method, btkt also when exposing with the aligner of an one-shot exposure mold (quiescence exposure 
mold) like; a stepper, it can apply this invention. Thus, this invention is not limited to the gestalt of 
above-meAtioned operation, but can take configurations various in the range which does not deviate 
from the sjimmary of this invention. 
[0101] 

[Effect of the Invention] Even when an optical member to which permeability and a reflection factor 
are gradually changed in the optical system from the measure point of the quantity of light of an 
exposure Beam to the 2nd body is used according to this invention, high light exposure control 
precision is acquired on the body for exposure (the 2nd body, such as a wafer), Moreover, according 
to this invention, when exposing using pulsed light, even if it changes gradually the permeability 
(permeability of the whole also including a reflection factor) of optical system, high light exposun 
control precision is acquired on the body for exposure. 

[0102] Moreover, since high light exposure control precision is acquired when this invention is 
applied to [the device manufacture approach, the highly efficient device excellent in line breadth 
precision $tc. can be mass-produced, 
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